SUMMARY Tumour specimens from patients with adenocarcinoma of the colon or rectum were examined for the presence of cytomegalovirus (CMV), and specimens of normal mucosa from the same patients were studied in parallel. Frozen sections of 14 specimens were made and the presence of CMV mRNA assayed by in situ hybridisation using 3H-labelled CMV-DNA as a probe. Nine of these sections were also tested for cytomegalovirus antigens by immunofluorescence. No viral nucleic acids or antigens were detected. In addition to these direct approaches, the specimens were disaggregated and 19 were successfully cultured in various media over several months without yielding virus on any occasion. Areas containing epithelial cells were found in some cultures, foci of bipolar cells in otheis, while, in several, fibroblastic cells predominated. To ensure that any virus-containing cells were not lost by this method, the disaggregated tumour and normal intestinal cells were directly co-cultivated and also fused with human embryo lung cells, which are permissive for cytomegalovirus replication. The resulting cultures were examined over two to three months for the presence of cytomegalovirus, and in no instance was virus found, despite attempted induction by iododeoxyuridine. Two fusion cultures became contaminated with cytomegalovirus, strain AD-169, which was being handled in the laboratory at the same time. The strain was identified by the pattern of viral DNA fragments produced by restriction endonuclease cleavage. Thus the accidental passage of virus in the heterokaryons did not alter its DNA and would further indicate the absence of any cytomegalovirus genomes in the adenocarcinoma cells.
Two groups have presented evidence recently that cytomegalovirus may be involved in adenocarcinoma of the colon. In the first place, colonic tissues from seven adenocarcinoma cases were analysed by cRNA-DNA hybridisation and over 50% contained more than two genome equivalents/cell.' Most control tissue obtained from normal colon and cases of Crohn's disease was negative. Secondly, several cases of adenocarcinoma of the colon were investigated by long-term culture of the tumour fragments.2 Eight cell lines grew out, consisting mainly of fibroblastic cells, and cytomegalovirus was isolated from three of these. It was identified by electron microscopy, cytology of infected cells, and by immunofluorescence.
In both these situations, it is not known whether cytomegalovirus might be the aetiological agent or is *Address for correspondence: Dr 21 May 1981 merely reactivated from a latent state. It is of interest in this context that cytomegalovirus has been found in the gastrointestinal tract, and is claimed to be associated with chronic or debilitating diseases such as ulcerative colitis or intestinal ulcers.3 Cytomegalovirus was isolated from three out of six cases of ulcerative colitis, and one out of four cases of regional enteritis by tissue culture.4 In addition, cytomegalovirus inclusions were reported in macrophages and fibroblasts located in granulation tissues at the base of deep ulcerations in the colon and ileum and within endothelial cells in several cases of ulcerative colitis.5 On the other hand, no virus was found after culture of cells from patients with Crohn's disease.6
Here we report our attempts to analyse further the association of cytomegalovirus with colon adenocarcinoma cells. In the first place, the results of cultui ing the tumour cells from 19 patients are given, also the iesults of co-cultivating and fusing these with human embryo lung cells which are permissive for human cytomegalovirus replication. The heterokaryons produced from the fusions were treated with iododeoxyuridine to overcome the cellular control which might operate in such a situation.7 The presence of cytomegalovirus was assayed by the observation of cytopathic effect and labelling with 3H-thymidine. The cytomegalovirus isolates obtained were characterised by analysis of fragments produced by the restriction endonucleases EcoRi, Bgl 1I, and Hind IlL.
Secondly, 14 adenocarcinoma specimens were examined directly, as frozen sections, for cytomegalovirus antigens using immunofluorescence and for cytomegalovirus nucleic acids by in situ hybridisation. In no case was any evidence of cytomegalovirus found.
Methods

CLINICAL SPECIMENS
Surgically resected specimens of colon or rectum were obtained from the Royal Infirmary, Edinburgh, within a few minutes of being removed from the patient. Control specimens included pieces of normal colonic wall from the same patient, and others with Crohn's disease, ulcerative colitis, and diverticular disease. They underwent routine pathological examination, the diagnosis being based on this result. As soon as possible, and generally within two hours of the operation, small pieces of tumour (about 3 mm3) and part of the normal colon were frozen by dropping into liquid nitrogen and were subsequently used to prepare 5 pm-thick frozen sections. These were stored at -20C until required for immunofluorescence and in situ hyblidisation studies. In addition, for culturing, similar small pieces were removed, finely minced and treated for one hour at 37°C in Earle's salt-based Eagle's medium containing 100 IU/ml gentamicin, 100 IU/ml mycostatin. 100 IU/ml penicillin, and 100 ,ug/ml streptomycin. Soft tumours ' 
RESTRICTION ENDONUCLEASE ANALYSIS OF CYTOMEGALOVIRUS ISOLATES
A modification of the method of Kilpatrick et al.15 and Huang (personal communication) was followed, using the DNA from infected cells rather than extracellular virus which may be difficult to obtain in large quantities from clinical isolates. Briefly, 4 x 106 human embryo lung cells which had been infected with cytomegalovirus were labelled with 32P (as orthophosphate in aqueous solution, carrier free, The Radiochemical Centre, Amersham) at 40 jsCi/ml in low phosphate medium, supplemented with 2% dialysed newborn calf serum. After three days, the labelled cells were washed twice with 0O01M Tris-HCl buffered saline pH 7A4, and digested with 1 mg/ml pronase (Boehringer Mannheim) and 1% sodium dodecyl sulphate in lysis buffer (0O05M Tris-HC1, OO1M EDTA, pH 8.0) for four hours at 37°. DNA was extracted using water-saturated phenol, precipitated with ethanol, and redissolved in buffer. It was purified by caesium chloride equilibrium density centrifugation. Fractions of density 1.71-1.73 g/m were pooled, dialysed overnight, precipitated with 2.5 volumes ethanol, and stored at -20°C until required. Then they were redissolved in 50 ,ul buffer containing 0-01M Tris-HCI, 0 001M EDTA, pH 7-4. Samples containing 10 000 counts per minute were digested with restriction endonucleases EcoR 1, Bgl II, and Hind III (Millipore UK Ltd) in appropriate digestion buffers for two hours at 37°C. The restriction endonuclease fragments so produced were analysed on 1 % agarose gels as described previously. '5 IN SITU HYBRIDISATION Cytomegalovirus DNA was prepared as already outlined.16 Briefly, human cytomegalovirus, strain AD-169, was grown in human embryo lung cells and, after concentration by centrifugation of the culture supernatant, was purified by sucrose density gradient centrifugation. The band with density 1.20-1.23 g/ml was collected and re-purified on a second sucrose gradient. Viral DNA was extracted using SDS and proteinase K followed by banding in a 10-40 % sucrose gradient. Viral DNA was extracted twice with phenol and precipitated with ethanol. It was finally banded by CsCI equilibrium density centrifugation, and the fractions with density 1.705-1.725 g/ml pooled, dialysed overnight, and the DNA precipitated with ethanol. The precipitate was dissolved finally in TES buffer (0O05M Tris-HCl, 0S15M NaCI, 0-005M EDTA, pH 7.4) at a concentration of 50 psg/ml.
Nick-translation was then carried out,"7 the reaction mixture containing all four nucleotide triphosphates labelled with tritium (Amersham) and incubation continuing for five hours. Cpm/ g nucleic acid after separation on a Sephadex G50 column was around 107.
In situ hybridisation was carried out on frozen sections of colon which were fixed in ethanol: acetic acid, 3:1, for 10 minutes at -20°C just before use, according to the method obtained from Rapp's laboratory.
IMMUNOFLUORESCENCE
The technique of amplified direct immunofluorescence (AMDI) as described by Schmitz and Kampa18 was used for the detection of cytomegalovirus antigens on frozen sections of tumour and normal colons. Two human sera were selected with antibodies to cytomegalovirus early antigens. Both had complement fixation titres of 1024 and, by ACIF, both stained only nuclei from cytomegalovirus-infected human embryo lung cells, one giving mainly a general nuclear staining and the other showing granular staining on early-infected nuclei. No non-specific antinuclear staining was present. These sera were labelled with fluorescein iso-thiocyanate, isomer 1 (FITC, Fluka 46952).19 For the AMDI test, the frozen sections were pre-incubated with human sera, negative for cytomegalovirus, at a dilution of 1/10 for one hour at room temperature. This was followed by the FITC-labelled human sera at a dilution of 1/100, then rabbit anti-FITC serum at a dilution of 1/160, which had been kindly donated by Drs Cultures containing discrete foci of bipolar cells, which have been described by Leibovitz et al,20 were sometimes seen and are demonstrated in Fig. 3 . These cells also failed to grow on subculture.
Cells with characteristic fibroblastic morphology grew out from seven specimens and are shown in Fig. 4 . These could be successfully subcultured at t>1WFAm .Pk F?j; All cultures were observed microscopically every week, and at no time was a cytopathic effect apparent.
In addition to culturing cells from tumour specimens, pieces of normal intestinal mucosa from the same patient were used. All 17 cultures set up from this source grew as fibroblasts, identical with those fibroblastic cells obtained from the seven adenocarcinomas described above. Again, no cytopathic effect was apparent over a three month period of observation.
A summary is given in Table I of the types of cells which were obtained on culture from the carcinoma specimens, together with the degree of differentiation of the tumour and the Dukes's stage. mucosal cells were fused with human embryo lung cells. The diagnosis of patients from whom the specimens were obtained is given in Table 2 . Initially, it was found that the disaggregated tumour contained a mixture of cells whose viability ranged from 10-20%. Gravity sedimentation through a layer of fetal calf serum increased the purity and number of viable cell clumps to 80-90% and these were used latterly for the fusion ( Table 2 ). The cultures of fused cells were observed for periods of two months. On two separate occasions a cytopathic effect was observed in the heterokaryons from two patients-namely, 790020 and 790021-five and six weeks respectively after the fusion. These isolates proved to be cytomegalovirus by anti-complement immunofluorescence and by labelling with 3H-thymidine, followed by sucrose density gradient centrifugation, which revealed particles of the same density as that of cytomegalovirus.
They were further analysed by restriction endonuclease cleavage of the viral DNA. The fragments produced showed complete identity with AD-169 strain of cytomegalovirus (Fig. 5) . The virus labelled 790021T had an extra band of high molecular weight which was thought to represent incomplete digestion rather than any real difference in the pattern. Strain AD-169 was being used in the laboratory at the same time as these cultures. Great care, including the use of a separate room, was taken to handle the clinical specimens away from this virus, but it had to be assumed that contamination iiad occurred on these two occasions, as it is hardly possible that both -strains isolated should have the characteristics of AD-169.
No viruses were isolated from subsequent fusions. This was judged by (1) absence of cytopathic effect over a period of two months, even after attempted stimulation of virus production with IUDR; (2) labelling with 3H-thymidine two months after the fusion to ensure that the absence of cytopathic effect also meant the absence of productive viral infection; and (3) anti-complement immunofluorescence which was negative on both the unstimulated and IUDRstimulated heterokaryons using three specially selected high titre sera with antibodies to cytomegalovirus early and late antigens.
In addition to the fusion attempts with freshly isolated tumour cells, the two adenocaicinoma cell lines were fused with human embryo lung cells. No virus was rescued from these even after IUDR treatment. Also both the original colonic lines and their heterokaryons did not express the cytomegalovirus early or late antigens as tested by anticomplement immunofluorescence.
IN SITU HYBRIDISATION
The patients from whom the specimens were obtained for in situ hybridisation are shown in Table 3 along with the pathological diagnosis. In each case a piece of tumour was used to make frozen sections and also a piece of normal intestine away from the site of the tumour. These sections, were subjected to in situ hybridisation to assay for cytomegalovirus mRNA within the cells using 3H-labelled DNA of cytomegalovirus as a probe. As a positive control, human embryo lung cells were infected with cytomegalovirus and fixed two days after infection. When developed, after hybridisation and autoradiography, (Fig. 6 ). Frozen sections from nine paired specimenis of adenocarcinomiia and normal gut mucosa were screened by AMDI as shown in Table 3 
